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(54) Magnetic detection element utilizing magneto-impedance effect, production method of the 
element, and portable equipment using the element 



(57) A magnetic detection element of the present in- 
vention for detecting a strength of an external magnetic 
field, comprises a magnetic thin film formed on a single 
non-magnetic substrate, a circuit that applies a high-fre- 
quency current to the magnetic thin film, and a spiral 



type planar coil that is stacked on the magnetic thin film 
through an insulating layer, wherein the magnetic thin 
film is formed in a longitudinal shape and magnetic an- 
isotropy is given so that direction of easy magnetization 
axis is orthogonal to a longitudinal direction of the lon- 
gitudinal shape. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a magnetic de- 
tection element that uses a magneto-impedance ele- 
ment comprising a magnetic body as a magnetic detec- 
tion portion in which impedance between both ends of 
the magnetic body changes according to an external 
magnetic field when a high-frequency current is applied 
to the magnetic body, a production method thereof, and 
portable equipment equipped with the element. 

Related Background Art 

[0002] Recently, since small information terminal 
functions of mobile phones, PDA and the like have been 
developed, needs of displaying magnetic azimuth have 
increased in map information display, GPS mounting, 
etc. 

[0003] However, since high-density mounting has 
been required for a parts environment in connection with 
the miniaturization of portable equipment, the demand 
for an occupation area and height has become severe. 
As an azimuth sensor, a fluxgate sensor and a magne- 
toresistive element (MR sensor) have already existed, 
but, since there are limits in their sizes, a magnetic field 
sensor in chip part size has been desired. 
[0004] As described in Japanese Patent No.3096413, 
applications of an azimuth sensor made of a magnetic 
thin film have been already proposed. As shown in FIG. 

14, an element comprising a parallel pattern 112 com- 
posed of a plurality of slender and straight lines which 
is formed with a magnetic thin film on a non-magnetic 
substrate 1 1 0 made of glass or the like has been already 
put to practical use, and hence, a small-sized element 
like a chip resistor have been realized. The sensing op- 
eration is performed by applying a high-frequency cur- 
rent to electrodes 114a and 114b that are both ends of 
the pattern 112, and the sensor is used by changing im- 
pedance of both the ends in a magnetic field detecting 
direction shown by an arrow in the figure, 

[0005] The change of the impedance to the external 
magnetic field shows a V-characteristic as shown in FIG. 

15, and an inclined portion of this V-characteristic is 
used for sensing operation. When a DC magnetic field 
is detected like an azimuth sensor, a coil 1 1 5 is wrapped 
as shown in FIG. 1 4 to apply an alternating current bias, 
operating points are set in the inclined portion of the V- 
characteristic in plus and minus sides of the magnetic 
field, and difference AZ between impedances at both the 
operating points to the external magnetic field Hex is 
taken out as an electrical signal. 

[0006] However, in the bias coil 1 1 5 externally mount- 
ed as shown in FIG. 14, it is not possible to effectively 
use the element size, and hence, it is not possible to 



correspond to space-saving for portable equipment or 
the like. 

[0007] Then, if the bias coil is constituted with a con- 
ductive thin film 116 as shown in FIG. 16 and it is pos- 
5 sible to build the bias coil in the element, the demand 
can be satisfactorily achieved. Nevertheless, if this so- 
lenoid type bias coil is adopted like a sectional view in 
FIG. 17, it is necessary also to form a thin film coil layer 
116a below the magnetic thin film 112. Hence, due to 
10 property degradation by stress warp age between mate- 
rials through an insulating layer 118 and limitations of 
temperature conditions by the thermal resistance of the 
insulating layer 11 8, it becomes difficult to secure char- 
acteristics of the magnetic thin film. 
is [0008] Specifically, since the insulating film 118 and a 
coil conductive layer 116a are inserted between the 
magnetic thin film 112 and non-magnetic substrate 110 
in FIG. 17, it is difficult to control the stress to the mag- 
netic thin film and it is also difficult to obtain optimal con- 
20 ditions for magnetic characteristics. In addition, limita- 
tions such as impossibility of temperature increase to 
500°C or higher arise in heat treatment for creating the 
anisotropy of the magnetic characteristics. 
[0009] In addition, it is also possible to function the 
25 above-described coil as a detector coil that takes out a 
change in magnetic flux, which the magnetic thin film 
generates, as an induced voltage instead of the bias 
coil. Even in the case of such structure, there is a similar 
problem. 

30 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to provide 
an element structure by which a device characteristic 
35 becomes stable and size is not sacrificed when a bias 
coil or a detecting coil is built in this chip size of magnetic 
detection element. 

[0011] One of structures for achieving the above- 
mentioned object of the present invention is as follows. 
40 [0012] A magnetic detection element for detecting 
the, strength of an external magnetic field comprises: 

a magnetic thin film formed on a single non-mag- 
netic substrate; 
45 a circuit that applies a high-frequency current to the 
above-described magnetic thin film; and 
a spiral planar coil that is stacked on the above-de- 
scribed magnetic thin film through an insulating lay- 
er, 

50 

wherein the above-described magnetic thin film is 
formed in a longitudinal shape and magnetic anisotropy 
is given so that direction of easy magnetization axis may 
become orthogonal to the longitudinal direction of the 
55 longitudinal shape. 

[0013] In addition, one of the production methods for 
achieving the above-mentioned object is as follows. 
[0014] A production method of a magnetic detection 
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element comprises: 

a step of forming a magnetic thin film on a single 
non-magnetic substrate; 

a step of giving a predetermined magnetic charac- 5 
teristic to the above-described magnetic thin film by 
performing heat treatment in a magnetic field after 
forming the above-described magnetic thin film; 
a step of forming an insulating film on the above- 
described magnetic thin film; and 10 
a step of forming a spiral coil pattern made of a con- 
ductive metal material on the above-described in- 
sulating film. 

BRIEF DESCRIPTION OF THE DRAWINGS 15 
[0015] 

FIG. 1 A is a perspective view showing an embodi- 
ment of a magnetic detection element of the present 20 
invention; 

FIGS. 1B and 1C are diagrams showing circuits 
connected to each electrode of the magnetic detec- 
tion element of the present Invention; 
FIG. 2 is a perspective sectional view of a spiral coil; 25 
FIG. 3 is a graph showing the relationship between 
coil pitch and necessary coil current value; 
FIG. 4A is a plan view showing a case of a coil hav- 
ing the same pitch; 

FIG. 4B is a plan view showing a case of a coil hav- 30 
ing varied pitches; 

FIGS. 5A, 5B, 5C, 5D and 5E are step views show- 
ing the production process of the magnetic detec- 
tion element of FIG. 1A; 

FIG. 6 is a graph showing the evaluation data of the 35 
magnetic detection element of FIG. 1 A; 
FIG. 7 is a diagram showing an evaluation circuit; 
FIG. 8 is a perspective view showing another em- 
bodiment of the magnetic detection element of the 
present invention; 40 
FIG. 9 is a diagram showing an operation circuit of 
the magnetic detection element in a second embod- 
iment of the present invention; 
FIG. 10 is a chart showing the correspondence of 
an output of a spiral coil to an applied voltage to a 45 
magnetic detection portion; 

FIG. 11 is a graph showing a detection output in the 
circuit of FIG. 9; 

FIG. 12 is a view showing a wristwatch in which the 
magnetic detection element of the present invention so 
is built as an azimuth sensor; 
FIG. 13 is a view showing a PDA in which the mag- 
netic detection element of the present invention is 
buift as an azimuth sensor; 

FIG. 14 is a perspective view showing a convention- 55 
al magnetic detection element; 
FIG. 15 is a graph showing the characteristic of the 
element of FIG. 14; 



FIG. 16 is a plan view showing another conventional 

magnetic detection element; and 

FIG. 1 7 is a sectional view of the element of FIG. 16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 6] Hereafter, embodiments of the present inven- 
tion will be explained with referring to the attached draw- 
ings. 

(Embodiment 1) 

[0017] A first embodiment is shown in FIGS. 1Ato 1C. 
[0018] A magnetic detection portion 12 having the 
structure formed by folded magnetic thin film patterns, 
which are slender and are in parallel to each other, on 
a single non-magnetic substrate 10 made of a glass sub- 
strate etc. is constituted, and both ends of the magnetic 
detection portion 12 are connected to electrodes 14a 
and 14b. The magnetic field detecting direction of the 
magnetic detection portion is a longitudinal direction of 
the patterns like the direction shown by an arrow in the 
figure. In addition, the magnetic detection portion is giv- 
en magnetic anisotropy so that direction of easy mag- 
netization axis may become orthogonal to the longitudi- 
nal direction. On the magnetic detection portion 1 2, with 
sandwiching a first insulating layer, a flat spiral coil 16 
is arranged so that its center may coincide with an end 
of the magnetic field detection portion 12. Both ends of 
the above -described coil are connected to electrodes 
1 4c and 1 4d with sandwiching a second insulating layer. 
(Since being not easy to be understood, the illustration 
of the insulating layer will be explained in the following 
production method.) In this structure, a current is applied 
from a current-supply circuit, shown in FIGS. 1 B and 1 C, 
to the spiral coil 16 through the electrodes 14c and 14d, 
and a bias magnetic field is applied to the magnetic de- 
tection portion by using a magnetic field that is generat- 
ed from a coil line crossing on the magnetic detection 
portion. 

[0019] Specifically, this will be explained with using a 
perspective sectional view of FIG. 2. 
[0020] When a current is flowed into the coil 1 6 in the 
direction shown by an arrow, a magnetic field is given 
to the magnetic field detection portion 12 in the right-to- 
left direction in the figure in each line owing to the cork- 
screw rule. Though magnetic flux in the magnetic field 
detection portion has magnetic flux distribution with a 
ripple A0> more or less, a magnetic field is applied as a 
bias. 

[0021 ] Since the strength of the magnetic field applied 
to the magnetic field detection portion 12 is inversely 
proportional to a line pitch p of the coil, the necessary 
coil current value has the characteristic as shown in FIG. 
3. In the inclined portion of the V-characteristic ex- 
plained in FIG. 15, if a lowest portion of the inclined part 
with good linearity is 20e. An applied magnetic field hav- 
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ing at least 20e is necessary, and the result of measuring 
the current value for obtaining 20e in the prototyping of 
the element where the line pitch of the coil was changed 
is the characteristic shown in FIG. 3. Since it was not 
possible to directly measure the magnetic field of 20e 5 
from the coil, a magnetic field was applied in the Helm- 
holtz coil, and a voltage value at the application of 20e 
was obtained as the element characteristic. After that, 
a coil current that became the same as it was searched 
to determine the necessary current value. io 
[0022] As a result, in consideration of portable equip- 
ment, it is difficult to supply a current exceeding 20 mA, 
and for that, It is desirable to make the line pitch of the 
coil having 50 ujti or less. Actually, it is desirable to make 
the pitch of 25 u,m or less so that the current becomes 15 
10 mA or less. In addition, in regard to narrowing the 
pitch, a pitch of 8 ujti or more consisting of linewidth of 
5 \im or more and a space of 3 ujti or more is desirable 
due to a problem of a supply voltage and heat genera- 
tion by the increase of coil resistance, and the limitations 20 
on the production process of width w and height t of the 
coil line. 

[0023] In addition, though bias magnetic field strength 
also depends on a gap d between the coil and the mag- 
netic field detection portion, magnetic flux from the coil 25 
is absorbed by a magnetic body that is the magnetic field 
detection portion to form a magnetic circuit Hence, the 
magnetic flux change in the magnetic body that is 
caused by the gap d is gentle. Specifically, the decrease 
of magnetic flux in the magnetic body in case of d = 1 0 30 
urn is about 7% against in case of d = 1 u.m, which is 
small. That is, it is not necessary to severely manage 
the gap d, i.e., the thickness of the insulating film be- 
tween the coil and the magnetic field detection portion. 
This means it is convenient in production. 35 
[0024] Since the spiral coil 1 6 in this embodiment con- 
tacts with the magnetic detection portion 12 in micron 
order, the overhead and vicinity of the magnetic field de- 
tection portion contribute to the application of the bias 
magnetic field. Then , If the size of necessary patterns is 40 
secured, other pattern portions can be freely set. As 
shown in FIG.4B, by relatively narrowing other pattern 
pitches po against a pattern pitch pi in the vicinity of the 
magnetic detection portion, it becomes possible to aim 
at further miniaturization of the element in comparison 4S 
with the case of FIG. 4A where the pitches are the same. 
[0025] In addition, if the electrodes 14 are arranged 
more internally so that the electrodes 1 4 may overlap 
the coil 1 6, it is possible to lessen the size of the element. 
In addition, it is convenient in high density substrate 50 
mounting that all electrodes of the element are formed 
on one plane and that the electrodes on the formation 
plane and an electrode portion of a mate substrate are 
two-dimensionally jointed by solder joint. 
[0026] The detection of an external magnetic field by ss 
using the magnetic detection element having the above- 
mentioned structure is performed by detecting the am- 
plitude and direction of the external magnetic field by 



applying a current from the current-supply circuit (refer 
to FIGS. 1B and 1C) for bias magnetic field generation 
to the spiral coil 16 through the electrodes 14c and 14d, 
applying a high-frequency current from other current- 
supply circuits (refer to FIGS. 1 B and 1C) to the mag- 
netic detection portion 12 through the electrodes 14a 
and 1 4b with applying the bias magnetic field to the mag- 
netic detection portion 1 2, and changing impedance in 
the magnetic field detecting direction shown by an arrow 
in FIG. 1 A. 

[0027] Next, a production method of the magnetic de- 
tection element according to the embodiment in FIGS. 
1 A to 1 C will be explained with referring to FIGS. 5A to 
5E. 

[0028] A Ni-Fe metal magnetic film, and a high per- 
meability magnetic thin film 12 such as a Co-Zr-Nb- 
based amorphous film, and a Fe-Ta-C- or Fe-Ta-N- 
based microcrystallite film are deposited on the single 
non-magnetic substrate 1 0, consisting of glass, ceram- 
ic, or the like, by sputtering or plating. In order to effec- 
tively function a skin effect thereof, in consideration of 
a frequency of a current applied to the element, the film 
thickness is selected from among 1 to 5 ujti. Then, the 
fanf old pattern 1 2 consisting of patterns that are slender 
and in parallel to each other is formed by dry or wet etch- 
ing. As for the characteristic of the element, an axis of 
facilitating magnetization is given in the direction, shown 
by the arrow, by performing heat treatment etc. in the 
magnetic field at a stage after the magnetic film depo- 
sition or after pattern etching. This is because thermal 
limitation is given in the insulating film etc. in the post- 
processing of coil formation. This state is shown in FIG. 
5A. 

[0029] Next, though a first insulating layer 20 is 
formed ahead of the coil formation, the thickness d of 
this layer particularly has no dimensional limitation, but 
it is made about 1 to 20 nm. As the insulating film, a non- 
magnetic oxide film made of Si0 2 , Cr 2 0 3 , or the like, a 
heat-resistant resin film such as of polyimide, or the like 
are formed. The structure of this first insulating film cor- 
responds to that in FIG. 5B. 

[0030] Next, the coil 1 6 is produced by forming a sev- 
eral-microns-thick conducting layer made of copper, 
aluminum, gold, or the like on the entire first insulating 
film 20 by sputtering or plating, and forming the coil 16 
by dry or wet etching so that a center of the spiral coil 
1 6 may come to an end of the magnetic detection portion 
12. As another method, it is possible to adopt a method 
of forming a coil pattern in the resist film as a groove, 
and forming the coil by plating of a seed electrode made 
of gold, or the like that is put on the bottom. The structure 
of this coil layer corresponds to that in FIG. 5C. 
[0031] Moreover, a second insulating film 22 is formed 
in the same manner as in the case of the first insulating 
film. However, window portions for connecting both 
ends of the spiral coil to the electrodes are provided (re- 
fer to FIG. 5D). 

[0032] Finally, by forming the electrodes 14 connect- 
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ed to both ends of the magnetic detection portion 1 2 and 
spiral coil 1 6 (refer to FIG. 5E), the element in which the 
bias coil is built is completed. 

[0033] FIG. 6 shows the examination data of the sen- 
sor element with this structure. 

[0034] The element having the axis of facilitating mag- 
netization in a plane orthogonal to the magnetic field de- 
tecting direction in the magnetic film of the magnetic field 
detection portion shows the V-shaped external magnet- 
ic field detection characteristic as shown in FIG. 6. The 
element was prototyped with a Fe-Ta-C-based soft mag- 
netic thin film in the dimensions of 24-u,m of pattern 
width, 1 .5-mm of pattern length, 2-u.m of film thickness, 
and 8 lines. A maximum output of 270 mV was obtained 
in an evaluation circuit consisting of a 5V, 20MHz oscil- 
lation circuit 17 and a detector circuit 18 as shown in 
FIG. 7. 

[0035] The spiral coil 16 was formed in the dimen- 
sions of 1 8-p.m of copper pattern width of the coil, 24-uxn 
of pitch, and 60T of crossline number on the magnetic 
detection portion, and the first and second insulating 
films were formed as 3 u.m-thick film, respectively. 
[0036] It was confirmed that, when a 1 5-mA bias cur- 
rent was applied, a characteristic curve shifted by 30e 
as shown by a broken line in comparison with the char- 
acteristic curve shown by a solid line in FIG. 6 in the 
case without the bias current, and hence, it was possible 
to use a portion where a sensibility inclination was large. 
[0037] In addition, it is possible to obtain the effects 
of the present invention as shown in FIG. 8, even when 
a magnetic detection element is formed by forming a coil 
portion 26 with two centers of spirals by connecting spi- 
ral coils, and stacking the coil portion 26 so that its center 
portions may coincide with both ends of the magnetic 
detection portion, respectively. 

(Embodiment 2) 

[0038] In the above-mentioned first embodiment, the 
structure of detecting the amplitude and direction of an 
external magnetic field by applying a high-frequency 
current to a magnetic body, and detecting an impedance 
change between both ends thereof is shown. However, 
it is also good to make the structure of detecting the am- 
plitude and direction of an external magnetic field by ap- 
plying a high-frequency current to a magnetic body, and 
detecting an induced voltage change generated in a spi- 
ral coil according to the external magnetic field. In this 
case, the spiral coil is not used for bias magnetic field 
application, but for induced voltage detection. 
[0039] Its specific structure will be explained by using 
FIG. 9. 

[0040] Similarly to the conventional, a pulse-oscillat- 
ed current is applied to the electrodes 14a and 14b of 
the magnetic detection portion 1 2 of the element by an 
oscillation circuit 217. As a waveform is shown in FIG. 
10, a pulse voltage output with peaks corresponding to 
the rise and fall of the pulsed current flowed into the 



magnetic detection portion 12 appears at both ends of 
the spiral coil. Since this peak height Vs changes almost 
proportionally to the external magnetic field, this peak 
value is taken out by a detection circuit 218. It is also 

5 good to output a voltage by processing peaks in a minus 
side or both sides besides peaks in a plus side. The 
characteristic at the time when the peak values in the 
plus side are detected is an S -shaped curve character- 
istic as shown in FIG. 11 . Since the magnetic detection 

10 portion 1 2 and spiral coil 1 6 adjoin in the gap of several 
microns with sandwiching the insulating film, it is possi- 
ble to efficiently take out the magnetic flux change in the 
magnetic thin film to the external magnetic field to obtain 
a high induced voltage. 

15 

(Embodiment 3) 

[0041] Next, an embodiment of portable equipment 
where the magnetic detection element is built, as ex- 

20 plained in the above-mentioned embodiment, will be ex- 
plained. When two magnetic detection elements are 
used and arranged so that respective magnetic field de- 
tecting directions may be orthogonal, it is possible to. 
take out signals corresponding to respective external 

25 magnetic fields in two orthogonal directions from re- 
spective magnetic field detecting elements. Using this, 
it is possible to constitute a magnetic sensor device that 
detects external magnetic fields in two directions, for ex- 
ample, an azimuth sensor that detects components of 

30 the magnetic fields in terrestrial magnetism in the X and 
Y directions orthogonal to each other, and detects an 
azimuth angle based on the direction of the terrestrial 
magnetic vector (N 'and S directions that a magnetic 
needle of a compass indicates). 

35 [0042] In this embodiment, examples of combining 
two magnetic detection elements of the present inven- 
tion and building them in a wristwatch and a PDA as 
azimuth sensors will be shown. In this embodiment, the 
two magnetic detection elements are mounted on a cir- 

40 curt board of the watch so that their longitudinal direc- 
tions may be orthogonal. In FIG. 12, reference numeral 
31 denotes a CPU that controls watch functions and an 
azimuth sensor, and this CPU performs arithmetic 
processing of the azimuth angle on the basis of the out- 

45 put from each of the magnetic detection elements. On 
a watch circuit board 32, two magnetic detection ele- 
ments are mounted, and various circuits necessary for 
watch functions such as CPU 31 are formed besides an 
azimuth sensor drive circuit 35. Reference numeral 33 

so denotes various operating buttons concerning the watch 
function, 34 does a display part that displays time and 
azimuth. In this embodiment, it is possible to freely set 
inclination angles of the orthogonal axes (X and Y direc- 
tions) of two magnetic detection elements, and a refer- 

55 ence in the azimuth is finally defined on software. 

[0043] In addition, as another specific example, an ex- 
ample of building the magnetic detection element of the 
present invention in a PDA as an azimuth sensor unit is 
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shown in FIG. 13. In this embodiment, the azimuth sen- 
sor unit is mounted on a main circuit board of the PDA. 
In FIG. 13, a CPU 41 takes charge of various functions 
of the PDA, and further controls the azimuth sensor unit 
also to execute the arithmetic processing of an azimuth 5 
angle. On a PDA main circuit board 42, an azimuth sen- 
sor unit is mounted, and various circuits necessary for 
PDA functions such as CPU 41 are formed besides an 
azimuth sensor drive circuit 45. Reference numeral 43 
denotes various operating buttons, and 44 does a dis- io 
play part. Reference numeral 47 denotes a speaker. 
Reference numeral 48 denotes an about 32MB memory 
connected to the CPU 41 . In this embodiment, it is pos- 
sible to freely set inclination angles of the orthogonal 
axes (X and Y directions) of two magnetic detection el- *s 
ements, and a reference in the azimuth is finally defined 
on software. In this embodiment, it is possible to detect 
a current position with a GPS sensor not shown in the 
drawings, or azimuth with the azimuth detection portion 
46, to retrieve map information stored in memory 48 on 20 
the basis of the detection result, and to display the cur- 
rent position and azimuth on a map with displaying the 
map information in the vicinity of the current position. 
[0044] As explained above, according to the present 
invention, in respect of a highly sensitive thin film mag- 25 
neto-impedance element, it becomes possible to pro- 
vide a small element whose performance is stable and 
in which a bias coil or a detection coil is built. In addition, 
since there are also sufficient numbers of degrees of 
freedom of electrodes and a coil pattern, it is also pos- 30 
sible to design a smaller element. In addition, also in 
regard to a production method of the element, since a 
coil is stacked and formed thereabove after securing 
characteristics of the element, the production method is 
simple, and has a feature of being able to obtain stable 35 
performance. Furthermore, since the coil can be closely 
arranged to a magnetic detection portion in several-mi- 
cron order, it is possible to efficiently apply a bias mag- 
netic field or detect an induced voltage. 

40 

Claims 

1. A magnetic detection element for detecting a 
strength of an external magnetic field, comprising: 

a magnetic thin film formed on a single non- 
magnetic substrate; 

a circuit that applies a high-frequency current 
to the magnetic thin film; and so 
a spiral type planar coil that is stacked on the 
magnetic thin film through an insulating layer, 
wherein the magnetic thin film is formed in a 
longitudinal shape and magnetic anisotropy is 
given so that direction of easy magnetization ss 
axis is orthogonal to a longitudinal direction of 
the longitudinal shape. 



2. The element according to claim 1 , further compris- 
ing: 

a circuit that supplies a current to the planar coil 
so as to apply a bias magnetic field to the mag- 
netic thin film; and 

a circuit that detects change in impedance of 
the magnetic thin film. 

3. The element according to claim 2, wherein the mag- 
netic thin film is arranged between a center and an 
end of the planar coil so that a magnetic-field com- 
ponent in the same direction among magnetic fields 
where respective lines of the planar coil generate is 
applied. 

4. The element according to claim 2, wherein a line 
pitch of the planar coil in an portion crossing the 
magnetic thin film is larger than a line pitch of an- 
other portion. 

5. The element according to claim 2, wherein a line 
pitch S of the planar coil in a portion crossing the 
magnetic thin film is 8 u.m < S < 50 urn. 

6. The element according to claim 2, wherein a line 
pitch S of the planar coil in a portion crossing the 
magnetic thin film is 8 u.m < S < 25 ^m. 

7. The element according to claim 1 , wherein the pla- 
nar coil comprises two coils that are arranged so 
that respective spiral centers of the coils are located 
in both ends of the magnetic thin film, and wherein 
the coils are mutually connected. 

8. The element according to claim 1 , wherein a leading 
electrode is formed so as to overlay on the planar 
coil through an insulating layer. 

9. The element according to claim 1 , further compris- 
ing: 

a circuit that detects a change of an induced 
voltage generated by the planar coil. 

10. Portable equipment comprising an azimuth sensor 
formed by arranging magnetic detection elements 
according to claim 1 so as to be mutually orthogo- 
nal. 

11. A production method of a magnetic detection ele- 
ment, comprising: 

a step of forming a magnetic thin film on a single 
non-magnetic substrate; 
a step of giving a predetermined magnetic char- 
acteristic to the magnetic thin film by perform- 
ing heat treatment in a magnetic field after 
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forming the magnetic thin film; 
a step of forming an insulating film on the mag- 
netic thin film; and 

a step of forming a spiral coi! pattern made of 
conductive metal material on the insulating film, 5 

12. The method according to claim 11 , wherein the spi- 
ral coil pattern is formed by etching the conductive 
metal material after depositing the conductive metal 
material. 10 

13. The method according to claim 1 1 , wherein the spi- 
ral coil pattern is formed by plating. 

1 4. The method according to claim 1 1 , further compris- *s 
ing a step of forming another insulating film on the 
spiral coil pattern and forming a leading electrode 

so as to overlay on the spiral coil pattern on the in- 
sulating film. 

20 
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